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Abstract
The research infrastructure is the basic and strategic platform of scientific and technological innovation.
In the last decade, China's research infrastructure has achieved leapfrog development in the level of
observation, manufacturing, management, data acquisition, data sharing and utilization, which supports
China's scientific and technological innovation activities at a higher level. Looking into the future, the
scientific research paradigm is transforming. The network, data, and computing platform will not only
support the development of major science and technology infrastructure and field stations in larger, more
accurate, and more advanced approach, but also contribute to the transformation of scientific research
paradigm. It will become an "accelerator" and "multiplier" for major scientific and technological
breakthroughs. It is also the key support for China to become the forefront of innovative countries and to
enter the world's science and technology strength.
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Since the 18th National Congress of the Communist Party
of China (CPC), in the face of the unprecedented changes, the
CPC Central Commitee has emphasized that “scientific and
technological innovation provides strategic support for raising the productive forces and boosting the overall national
strength, and we must give it a top priority in overall national
development” [1]. The report of the 19th National Congress of
the CPC has clearly put forward that by 2035, China will
realize socialist modernization basically, achieve substantial
increase in economic and scientific and technological
strength, and become one of the leading innovative countries.
In March 2021, the State Council released the Outline of the
14th Five-Year Plan (2021–2025) for National Economic and
Social Development and the Long-Range Objectives
Through the Year 2035 of the PRC, which clearly stated that
“we will adopt an appropriate forward-thinking plan for
major national science and technology infrastructure and
ensure that it is better shared and more efficiently utilized. We
will intensively build repositories of natural science and
technology resources, national workstations (networks) for
field observation and research and scientific big data centers”
in the Section 4, Chapter 4 (Building major platforms for
scientific and technological innovation).

1

Scientific value of research infrastructure

Just as the telescope opened a new world to astronomy and
the electron microscope triggered a revolution in modern
biology, scientific research equipment has greatly contributed
to the development of modern scientific research. With the
scientific research becoming super-macro, super-micro, and
extreme, major theoretical discoveries and scientific breakthroughs are increasingly dependent on the advanced experimental equipment, major scientific and technological
①
infrastructure, and other research infrastructure . Traditionally, research infrastructure mainly includes large scientific instruments and equipment, major scientific and
technological infrastructure, biological germplasm and experimental materials, scientific data resources, and scientific
and technological literature resources [2]. With the rapid development of information technology, scientific computing
resources, network environment, and algorithms and software for scientific data processing have undoubtedly become
an integral part of the research infrastructure [3].
As a basic and strategic platform for scientific and technological innovation, research infrastucture significantly
demonstrates national scientific and technological innovation
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① The speech of Characteristics of the New Round of Technological Revolution made by BAI Chunli at the 2nd World Science and Technology Development
Forum in 2020.
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capability, which is an important tool for the country to seize
the high ground of science and technology, lead the frontier
of science and technology, and develop new cross-cutting
fields. Research infrastucture is also a powerful tool to break
through core technologies in key fields, generate high technology, and explore new economic growth points, and an
important platform for gathering and cultivating high-end
talents in science and technology and building a global science center.
The construction of the Large Hadron Collider (LHC), the
world’s largest and most energetic particle accelerator, was
launched by European Organization for Nuclear Research
(CERN) in 1994 and took up to 14 years. The LHC was officially operated in 2008, gathering more than 6 000 scientists
and engineers from the world. In July 2012, the LHC announced the discovery of the “God particle” (Higgs boson),
undoubtedly making CERN the world’s leading research
center for high-energy physics.
In parallel with the international development, China’s
research infrastructure has also achieved leap-frog development over the past decade. In particular, the national major
scientific and technological infrastructure, field stations, and
scientific data resource platforms have reached a new level,
providing strong material and technological foundations and
conditions to support the sci-tech self-reliance and
self-strengthening [4], which has strongly contributed to the
rapid development of China’s science and technology
undertakings.
(1) National major scientific and technological infrastructure takes the lead in exploring the frontiers of science
and technology. At present, the overall scale and level of
major infrastructure in China is already at the forefront of the
world, second only to the United States in terms of quantity.
China’s major scientific and technological infrastructure
under construction and completed have gradually shifted
from “running after” to “running with” and “running alongside”, with a small number achieving “leading”. A large
number of major original achievements and strategic industrial technologies were generated, playing an important role
in China’s breakthrough of the frontiers of science, cultivation of strategic high-tech high points, and development of a
scientific and technological powerhouse. For example, the
spallation neutron source has accomplished multiple
world-class research results around the “four directions”,
including super steel, new lithium-ion batteries, Skyrmion
topological magnetism, Spin Hall magnetic film,
high-strength alloy nanophase, solar cells, chip neutron single event effect, etc., which has provided important support
and guarantee for national major strategic needs, such as
aero-engine materials, metal fatigue, natural gas hydrates,
and catalysts.
(2) Long-term observation of field stations supports national economic and social development. Nowadays, China
has planned 167 national field science observation and

research stations, forming a national field station system with
a basically complete discipline system, a more reasonable
spatial layout, and a more sophisticated organization system.
After years of construction, the field stations have played a
key role in acquiring long-term continuous data, cognizing
natural phenomena and patterns, conducting collaborative
observation experiments, demonstrating and promoting scientific research achievements, and passing on the spirit of
science. The stations have promoted the development of
related disciplines and taken a significant and irreplaceable
role in ensuring national food security, ecological security,
resource security, disaster prevention and mitigation as well
as major engineering construction. For instance, the Chinese
Ecosystem Research Network (CERN) has obtained the only
long-term continuous data on the water, soil, and air biology
of typical ecosystems in China over the 20 years. China
Terrestrial Ecosystem Flux Observation Network
(CHINAFLUX) [5] has attained carbon and water flux observation data for the past 20 years. Theoretical calculation
models for carbon sequestration in ecosystems and carbon
sinks in forest systems have been proposed and optimized in
the study, rendering important theoretical and data support
for the proposal and implementation of the carbon peaking
and carbon neutrality strategy.
(3) Scientific data resources serve major national needs. In
2019, 20 national scientific data centers were established by
the Ministry of Science and Technology and the Ministry of
Finance on the basis of the original scientific data sharing
platform, 11 of which were under the responsibility of Chinese Academy of Sciences (CAS). According to the National
Report on the Development of Scientific Data Resources in
2018–2019, China’s scientific data has covered a wide range
of disciplines (Fig. 1), with the total amount growing rapidly.
The total amount of scientific data resources is estimated to
have exceeded 100 PB [6,7], thus supporting major national
needs with high quality. For example, the Novel Coronavirus
National Science and Technology Resource Service System,
jointly established by the National Data Center for Microbiological Sciences, Institute of Microbiology, CAS, the National Pathogenic Microorganism Repository of the Chinese
Center for Disease Control and Prevention, and the Computer
Network Information Center of CAS, built a platform to
release and share relevant scientific data in the first instance
of the pandemic outbreak, helping scientists worldwide to
quickly and easily conduct research on the mutation, traceability, and evolution of the novel coronavirus, and playing an
important supporting role in the prevention and control of
infectious diseases.
(4) Network, data, and computing platform supports scientific and technological innovation activities. The network,
data, and computing platform [3] refers to the e-infrastructure
that integrates high-speed networks, massive data, powerful
analytical and computing capabilities, and the related information software, including hardware facilities that support
scientific research (i.e., network, supercomputers, and storage)
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and soft environments (i.e., middleware placed in hardware
facilities, basic software, application software closely integrated with disciplines, and scientific data resources). In the
past decade, China has basically formed a nationwide
e-infrastructure. In 2020, China’s total computing power has
reached 135 EFlops (1.35 trillion floating point operations
per second), accounting for 31% of the global share [8]. China’s ability to develop supercomputing systems and parallel
applications with ultra-large scalability has already taken the
lead in the world (Fig. 2). Since 2013, China’s supercomputers named “Tianhe-2” and “Sunway TaihuLight” have
ranked first in the world for five consecutive years. With the
traction of hardware platforms, China has made significant
development in software, models, and algorithms. In 2016,
2017, and 2021, China’s research team won the highest award
(the Gordon Bell Prize) in the field of high-performance
computing in 2016, 2017, and 2021, respectively.

Meanwhile, modern scientific research paradigms have
evolved from experimental observation, theoretical analysis,
and computational simulation to the current fourth paradigm
represented by “data-intensive” and “artificial intelligence +
Big Data”. These four paradigms are mutually reinforcing,
with the fourth one being more prominent. In 2012, AlphaFold2 [10] developed by Google’s DeepMind team utilized
artificial intelligence technology to predict the 3D structures
of proteins with near-perfect accuracy based on the abundant
experimental data. The prediction level was comparable to
the laboratory level. The approach of Big Data and artificial
intelligence is being integrated into scientists’ problemsolving thinking, and the emerging e-infrastructure, as an
essential research tool, is contributing to the transformation
of scientific research paradigm in all disciplines.

2 Scientific value of emerging e-infrastructure
A new round of scientific and technological revolution and
industrial transformation was advancing rapidly, with profound changes in the scientific research paradigm, and informationization brought a once-in-a-lifetime opportunity for
the Chinese nation.
(1) Emerging e-infrastructure is a key enabler of scientific
research paradigm changes. Since the 21st century, observation, computation, and communication activities of human
society from macro to micro, from nature to society, have
been generating massive and diverse data more and more
rapidly, making the data growing explosively. It has become a
consensus that human society has entered the Big Data era.

Fig. 2

Fig. 1

Distribution of accumulated research data in China [6]

Annual performance trend of high-performance computers in China (2002–2021) [9]
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(2) Emerging e-infrastructure is an “accumulator” and
“multiplier” for major scientific and technological breakthroughs. The 2017 Nobel Prize in Physics was awarded to
the detection of gravitational waves, which fully exemplified
the role of data and computation in major astronomical discoveries. For this discovery, scientists used supercomputers
to simulate and calculate hundreds of possible black holes or
gravitational waves produced by the merger of neutron stars,
and theoretically obtained the information of gravitational
wave signals in different situations. Once detecting the relevant signal, the gravitational wave detector will immediately
compare the observed signal with the results of theoretical
simulation and calculation to detect the signal of gravitational
waves. In a sense, current scientific research activities and
discoveries would be nearly impossible to realize without
network, data, and computing [11]. It can be foreseen that the
future major scientific and technological infrastructure will
be closely integrated with network, data, and computing, and
the emerging e-infrastructure will develop into a necessary
fundamental platform for scientific research in all fields, thus
playing a greater role in scientific observation and experiments as well as major scientific discoveries.
(3) Emerging e-infrastructure is a key support for China to
become one of the leading innovative countries and grow into
a global scientific and technological powerhouse. In recent
years, the developed countries have attached great importance to the investment in the emerging e-infrastructure
and have included it into an important part of research infrastructure [12]. Since 2002, the European Union (EU) has established the European Strategy for Research Infrastructures
(ESFRI) to strengthen the strategic research on European
research infrastructure (RI). The study indicates that research
infrastructure is the facility, resource, or service used to
support and develop top-level research activities, including
research equipment, knowledge storage resources (archives
and scientific data), information infrastructure facilities (data,
computing systems, and networks), and research software
②
tools. In the 2021 RI roadmap published by ESFRI, ESFRI
has promoted EU projects in various areas such as computing
and digital research infrastructure, with a total investment of
20 billion euros, which will provide a good fundamental
platform for the excellent scientific research and innovation
in Europe. In 2020, the National Science Board of the US
released to the public the “National Science Board: Visions
③
2030” report, stating that the US should be at the forefront
of the world in terms of science and technology and build the
research infrastructure that takes the lead to make itself remain a global leader. Meanwhile, the report also emphasized
that the US must invest in all research infrastructure, especially in data, software, computing, and networking
capabilities.

In the context of the rapidly developing information
technology, whoever seizes the initiative in the field of network, data, and computing will hold the initiative of scientific
and technological innovation. Network, data, and computing
platforms will become an important part of the strategic and
fundamental platform for national scientific and technological innovation [13], and will continue to influence the global
sci-tech landscape in scientific and technological innovation
activities. The development of international first-class
emerging e-infrastructure will be an important decision for
China to become one of the leading innovative countries and
grow into a global scientific and technological powerhouse.

3 Exploration and effectiveness of CAS in
building the emerging e-infrastructure
The 13th Five-Year National Informatization Plan clearly
put forward the construction of national e-infrastructure
based on cloud computing and China Science and Technology Cloud. The 14th Five-Year National Informatization Plan
clearly proposed carrying out the application, innovation, and
demonstration of China Science and Technology Cloud to
enhance the support capacity of research and innovation
service. In 2018, CAS officially announced the construction
of China Science and Technology Cloud, taking the innovation activities of researchers as the fundamental orientation,
to provide efficient and integrated cloud computing solutions
in the storage, transmission, calculation, analysis, and application of scientific data, in the hopes of providing powerful platform support for researchers.
At present, China Science and Technology Cloud
(CSTCloud) has established an open overall architecture and
technical specification system for the open convergence and
cloud services of science and technology resources, and has
initially set up a new national e-infrastructure with the convergence of network, data, and computing. It has gathered
315 PFlops of computing resources, 150 PB of storage resources, and PB-level data resources. CSTCloud has intensively deployed more than 60 comprehensive service
platforms and over 1 000 kinds of research software and has
become a unique cloud tailored for researchers. It provides
platform support for major scientific discoveries and scientific and technological infrastructure in terms of the major
national scientific and technological innovation. For example, CSTCloud provided a cloud-network computing environment and a transmission and distribution platform of
massive observation data for the Five-hundred-meter Aperture Spherical Radio Telescope (FAST) to discover pulsars,
facilitating the selection of pulsar candidates and data analysis. Moreover, CSTCloud also built up an intelligent network

______________________________________

② ESFRI Roadmap2021. [2022-05-08]. https://www.esfri.eu/esfri-roadmap-2021.
③ National Science Board: Vision 2030. [2022-05-08]. https://www.nsf.gov/nsb/NSBActivities/vision-2030.jsp.
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for transcontinental scientific research in high-energy physics, improving the performance of international cross-domain
high-speed linkage transmission with the European Organization for Nuclear Research (CERN) Large Hadron Collider
Open Network Environment (LHCONE) by more than 60%.
At the same time, China Science and Technology Cloud
has established a strategic cooperation with the Data Committee of the International Council for Science (ISC
CODATA), and achieved consensus and built up a regular
dialogue mechanism with the major global information infrastructure and international organizations, so as to jointly
promote the Global Open Science Cloud. Alliance of open
science cloud platforms among different domains, institutions, nations, and regions is constructed to realize network
connectivity among platforms, mutual use of storage and
computing resources, as well as sharing of data, information,
and algorithm software (Fig. 3).
During the 14th Five-Year Plan period, the CAS will focus
on national science and technology strategies and build up a
new generation of advanced, high-speed, intensive, open,
intelligent, and secure national network and information
infrastructure (CSTCloud) for front-line researchers. The
CAS will develop an advanced service environment for the
integration of network, data, and computing to realize the
cloudization, servitization, and intensification of data and
storage resources, thus providing multiple computing power

supply for researchers and meeting their needs for massive
data storage, processing, and computing. China will
strengthen the support capacity of scientific data, scientific
computing, artificial intelligence and other algorithms and
software in various scientific research applications and enhance the deep integration of technologies and research activities, like the integration of big data and artificial
intelligence, gradually realizing the research paradigm
transformation into “Big Data and artificial intelligence”,
contributing to the efficient output of major scientific and
technological achievements, and robustly helping China
achieve the strategic objectives of becoming one of the
leading innovative countries and growing into a global scientific and technological powerhouse.

4 Suggestions on properly and actively promoting research infrastructure in advance
The world today was undergoing unprecedented
changes, and scientific and technological innovation was
one of the key variables. Therefore, we should cultivate the
opportunity in crisis, develop the new situation in changes,
and seek a solution from scientific and technological
innovation.

Fig. 3 Initiative of Global Open Science Cloud launched by China Science and Technology Cloud
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Over the past decade, the scientific observation level,
manufacturing process level, data access level, open and
sharing level, scientific management level, and exploitation
level of China’s research infrastructure have all been substantially improved, and the ability to support China’s scientific and technological innovation activities at high levels has
been highlighted. Looking ahead, a new scientific research
paradigm is coming, where networks, data, and computing
platforms not only support the development of major scientific and technological infrastructure and field stations toward
a larger, more accurate, and more advanced direction, but also
promote the paradigm transformation of scientific research,
becoming the “accumulator” and “multiplier” for major scientific and technological breakthroughs. To accomplish the
strategic objectives of becoming one of the leading innovative countries by 2035 and growing into a global scientific
and technological powerhouse by 2050, China should appropriately carry out the construction of research infrastructure in advance and achieve the self-reliance and
self-strengthening of research infrastructure at a high level,
thus vigorously supporting scientific and technological innovation and national economic and social development, and
contributing China’s scientific and technological power to the
human community with a shared future.
(1) Properly deploy the emerging e-infrastructure that integrates software and hardware in advance. The high-speed
connectivity should be realized among various sci-tech elements, including major national science and technology infrastructure, field stations, scientific data resource platforms,
super computing centers, national laboratories, national key
laboratories, research institutes, and universities. The integration and application of advanced analysis software systems and basic research platforms, such as artificial
intelligence and Big Data, should be strengthened, thus
stimulating the transformation of scientific research paradigm and the achievement of major scientific and technological breakthroughs. The national computing network to
synergize east and west should be actively connected to
promote its demonstration and application in the field of
scientific and technological innovation.
(2) Constantly improve the layout of China’s major scientific and technological infrastructure to solve the major
scientific problems encountered in the frontiers of scientific
development and national economic and social development.
Fully considering the data storage and computing needs
generated by major scientific and technological infrastructure, the deployment of some major research infrastructure
that can lead the world should be accelerated in China’s advantageous disciplines to attract global scientific and technological talents and build a new center for global scientific
and technological innovation. The discipline and spatial
layout of field stations should be continuously optimized, and
great attention should be paid to solve the bottleneck of observed data transmission of field stations in harsh environment. Long-term stable and continuous observation and

experimental research should be conducted to promote the
original and significant scientific and technological
achievements, thereby supporting the national strategy of
carbon peaking and carbon neutrality and other major requirements for the economic and social development.
(3) Further strengthen the international cooperation,
openness, and sharing under the background of open science.
The Recommendations on Open Science [14] was adopted by
the 41st session of the UNESCO General Conference in
2021, marking a new stage of global consensus on open
science. China should give full play to the sharing, accumulative, and multiplicative characteristics of scientific research
elements [15], and further facilitate the sharing of data, information, knowledge, infrastructure, and software. On the
basis of advanced research infrastructure, China ought to
further increase international cooperation, initiate and lead a
number of international scientific and technological cooperation projects, and actively integrate itself into the international scientific research system. Based on the emerging
e-infrastructure, China should provide data storage, computing, retrieval, and other applications and services for the
world in a more open manner, so as to make contribution to
open science and greatly support the new round of leap-frog
development of scientific and technological innovation in
China.
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